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(54) THICK STEEL PLATE HAVING EXCELLENT FATIGUE STRENGTH AND 
PRODUCTION METHOD THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a thick steel plate 
for a welded structure which has excellent fatigue crack 
propagation resistance of a base material without 
depending on the addition of a large quantity of special 
or expensive alloy elements, or depending on a 
production method which is inferior in productivity or is 
complicated, or without the placement of large 
restrictions on tensile strength and steel plate thickness. 
SOLUTION: In the thick steel plate having a composition 
containing proper amounts of C, Si, Mn, Al and N, and, if 
required, containing Ni, Cu, Cr, Mo, W, Ti, V, Nb, Zr, Ta, 
B, Mg, Ca and rare earth metals, and having a structure 
consisting of ferrite and a hard secondary phase 
consisting of bainite or martensite or a mixed structure of 

both, by making the hard secondary phase in the cross-section parallel to the surface of the 
steel plate satisfy all conditions of a fraction of 20 to 80%, a mean Vickers hardness of 250 to 
800, a diameter of the equivalent circle of 10 to 200 urn, and the maximum spacing between 
the hard secondary phases of <500 |im, the fatigue crack propagation of the base material is 
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remarkably delayed, so that the fatigue strength of a joint is improved. 
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CLAIMS 



[Claim(s)] 

[Claim 1] At mass %, it is C. : 0.04 - 0.3%, Si:0.01-2%, Mn:0.1-3%, aluminum:0.001-0.1%, N : 0.001 - 
0.01% is contained. As an impurity P:0.02% or less, S : Contain 0.01% or less and the remainder 
consists of iron and an unescapable impurity. In the steel plate with which it has the organization which 
contains a ferrite, and the hard second phase at least, and said the hard second phase is filling all the 
conditions of the following ** - ** in the cross-section organization parallel to a front face The steel 
plate excellent in the fatigue strength characterized by the organization of said the hard second phase 
consisting of bainite, martensite, or both mixed organization. 

** molar fraction [ of the hard second phase ]: — the average Vickers hardness of the 20 - 80%** hard 
second phase — average projected area diameter [ of the :250 - 800** hard second phase ]: — maximum 
spacing [ of the 10-200 micrometer** hard second interphase ]: — 500 micrometers or less [claim 2] By 
mass %, furthermore, nickel:0.01-6%, Cu:0.01-1.5%, Cr: 0.01-2%, Mo:0.01-2%, W : 0.01 - 2%, Ti: 
0.003-0.1%, V : 0.005 - 0.5%, Nb:0.003-0.2%, Zr: 0.003-0.1%, Ta:0.005-0.2%, B : Steel plate excellent 
in the fatigue strength according to claim 1 characterized by containing 0.0002 - 0.005% of one sort, or 
two sorts or more. 

[Claim 3] Furthermore, the steel plate excellent in fatigue strength given in claim 1 characterized by 
containing two of one sort or Mg:0.0005-0.01%, calcium:0.0005-0.01%, and REM:0.005-0.1% of sorts 
or more by mass %, or either of 2. 

[Claim 4] It has said component according to claim 1 to 3. Casting thickness slab 100mm or less Reheat 
at AC3 transformation-point -1250 degree C, and a pressing-down ratio performs two or more hot 
rolling. The manufacture approach of the steel plate excellent in the fatigue strength characterized by 
quenching in s in 5-100 degrees C /to 500 more degrees C or less after cooling with the cooling rate of 
0.1-2 degrees C/s to the temperature from which a ferrite molar fraction becomes 10% or more after hot 
rolling. 

[Claim 5] The manufacture approach of the steel plate excellent in fatigue strength according to claim 4 
characterized by performing to slab diffusion heat treatment whenever [ whose / stoving temperature ] is 
1 150-1300 degrees C, and whose holding times are l-100h before said hot rolling. 
[Claim 6] Have a component according to claim 1 to 3, and casting thickness receives the slab of 
100mm **. After performing diffusion heat treatment whenever [ whose / stoving temperature ] is 1 150- 
1300 degrees C and whose holding times are 1-1 OOh before hot rolling, Reheat at AC3 transformation- 
point -1250 degree C, and a pressing-down ratio performs two or more hot rolling. The manufacture 
approach of the steel plate excellent in the fatigue strength characterized by quenching in s in 5-100 
degrees C /to 500 more degrees C or less after cooling with the cooling rate of 0.1-2 degrees C/s to the 
temperature from which a ferrite molar fraction becomes 10% or more after hot rolling. 
[Claim 7] The manufacture approach of a steel plate that initiation temperature excelled [ temperature / 
850 degrees C or less and / termination ] in the fatigue strength according to claim 4 to 6 to which 
accumulation rolling reduction is characterized by performing the hot rolling including 30% or more of 
rolling in the 3 or more transformation point of Ar(s) at least in said hot rolling. 
[Claim 8] The manufacture approach of a steel plate that initiation temperature excelled [ temperature / 
the 3 or less transformation point of Ar(s), and / termination ] in the fatigue strength according to claim 
4 to 7 to which accumulation rolling reduction is characterized by performing the hot rolling including 
rolling it is [ rolling ] 10 - 80% above 600 degrees C at least in said hot rolling. 
[Claim 9] The manufacture approach of the steel plate excellent in the fatigue strength according to 
claim 4 to 8 characterized by performing two phase region heat treatment which it reheats to - (-50 
degrees C of AC3 transformation points) further (+30 degrees C of AC1 transformation points), and is 
cooled in s in 5-100 degrees C /to 500 degrees C or less after hot rolling termination after quenching to 
said 500 degrees C or less. 

[Claim 10] The manufacture approach of the steel plate which was excellent in the fatigue strength 
according to claim 4 to 9 characterized by temper ****** at 250-500 degrees C after quenching to said 
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500 degrees C or less, or after performing two phase region heat treatment. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the steel plate used for the welding structural member 
for which fatigue strength is needed, and its manufacture approach. Although this invention steel plate 
can be used for a general welded steel structure, such as the offshore structure, a pressurized container, a 
vessel, a bridge, a building, and a line pipe, it is useful as steel plates for the structures, such as the 
offshore structure which needs especially fatigue strength, a vessel, a bridge, and a building 
construction. Moreover, in addition to this, a steel plate is applicable also to a steel pipe made from, or 
shape steel. 
[0002] 

[Description of the Prior Art] In connection with enlargement of a welded structure, and a rise of the 
demand of environmental preservation, the dependability which increased also to the former to the 
structure member is required increasingly. The current structure has a common welded construction, and 
as a destructive gestalt assumed with a welded structure, although fatigue breaking, a brittle fracture, 
ductile fracture, etc. occur, the destructive gestalten with the among these highest frequency are the 
brittle fracture from an initial defect or fatigue breaking, and a brittle fracture that continues after fatigue 
breaking further. Moreover, these destructive gestalten are destructive gestalten for which prevention 
causes collapse of the sudden structure difficult only by the consideration on the design of the structure 
in many cases, and the prevention is most needed from a viewpoint of the security of the structure. 
[0003] About a brittle fracture, there are improvement means, such as addition of nickel and 
optimization of a transformation organization, in chemical composition, and it can improve by 
organization detailed-ization according to controlled rolling or thermomechanical treatment also in the 
manufacture approach. On the other hand, in the case of the fatigue property, it was possible to have 
improved by improvement in on the strength etc. about a smooth member, but by the welded 
construction, since fatigue strength was governed by the toe-of-weld section configuration of a weld 
zone, it was thought that the improvement in on the strength and the improvement in fatigue strength 
(joint fatigue strength) with the metallurgical means by organization improvement were impossible. 
That is, in the structure from which fatigue strength poses a problem, even if it used high tensile steel, 
design strength could not be raised, and the advantage of high-tensile-steel use was not acquired. 
Therefore, in such [ conventionally ] a welded structure, the improvement of joint fatigue strength has 
been achieved by the so-called toe-of-weld processing for improving the configuration of the welding 
toe-of-weld section used as stress raisers. For example, they are the approach of deleting a toe of weld 
and enlarging a toe-of-weld radius with a grinder, the approach (for example, JP,54-30386,B) of making 
carry out remelting of the toe-of-weld section, and smoothing a toe-of-weld configuration by TIG arc 
welding, the approach of having compressive stress generated by the toe-of-weld section with shot 
peening, etc. 

[0004] However, since these toe-of-weld processings were what requires time and effort very much, it 
waited for the joint fatigue strength improvement means of the steel materials by toe-of-weld processing 
itself for cost reduction and a productivity improvement. 

[0005] Recently, in response to such a demand, steel materials with some good joint fatigue strength are 
proposed. For example, the technique (JP,8-73983,A) which can improve the fatigue strength of HAZ is 
shown by by making the organization of a heat affected zone (HAZ) into a ferrite (alpha). However, 
from the need of making a HAZ organization into a ferrite, this technique has a limitation in the level of 
the steel materials which can be manufactured on the strength, and cannot manufacture a high strength 
steel with which tensile strength exceeds 780MPa(s). 

[0006] Some means by which tensile strength improves the joint fatigue strength of the high- strength 
steel of 590 or more MPas are also proposed, and generating / propagation property improvement of the 
fatigue crack of the bainite texture of HAZ has a report that a raise in Si (JP,8-209295,A) and a raise in 
Nb (JP,10-1743,A) are effective. However, when Si and Nb are added so much, it is the element which 
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deteriorates toughness sharply, and the concern which produces the problem on manufacture has also 
produced the crack of slab. 

[0007] In addition, although each above-mentioned conventional technique is a means to improve 
generating of the fatigue crack of a HAZ organization, and the fatigue crack propagation in HAZ, since 
HAZ is greatly influenced of the stress concentration of the toe-of-weld section, it may generate 
depending on a toe-of-weld configuration or be small [ HAZ / effectiveness ]. 

[0008] In order to improve joint fatigue strength, without being based on a toe-of-weld configuration, it 
is effective to delay propagation with the base material of a fatigue crack generated from the toe-of-weld 
section. When average ferrite particle size considers as the base material organization which distributed 
the big and rough ferrite during the fine grain organization 20 micrometers or less based on such a view, 
the technique (JP,7-90481,A) of raising the fatigue crack progress property of a base material is 
indicated. However, even the steel materials about 580MPa class can be manufactured with tensile 
strength from the need of considering as a ferrite subject organization also in this case. 
[0009] Furthermore, as a technique which raises fatigue strength by controlling fatigue crack 
propagation of a base material, after specifying fixed relation between the hardness of a ferrite, and the 
hardness of the hard second phase in the organization which consists of a ferrite, and the hard second 
phase, the gestalt (an aspect ratio, spacing) of the second phase or/, and the technique that specified 
texture are indicated by JP,1 1-1 742, A. Although this technique is one of the means which was most 
excellent in fatigue crack propagation control in the technique shown now, since it is required to enlarge 
accumulation rolling reduction in a two phase region - ferrite region for histogenesis and texture 
development, it has technical problems, such as degradation of productivity, and aggravation of a steel 
plate configuration. 
[0010] 

[Problem(s) to be Solved by the Invention] this invention is special in the steel plate for welded 
structures excellent in the fatigue-proof crack propagation property of a base material - it is ~ it is - let 
it be a technical problem to provide without receiving a big limit in tensile strength or steel plate board 
thickness, without abundant addition of an expensive alloy element and productivity being inferior, or 
being based on the complicated manufacture approach. 
[0011] 

[Means for Solving the Problem] this invention persons found out the means for carrying out 
improvement in joint fatigue strength, without being dependent on the toe-of-weld configuration of a 
joint by improving the fatigue-proof crack propagation property of a base material from the 
experimental result with the detailed relation between the progress behavior of a fatigue crack, and a 
steel-materials microstructure. That is, although the fatigue crack generated from the stress raisers of the 
joint toe-of-weld section is spread in the direction of board thickness, the class, gestalt, and property of 
an organization of the front face of a crack do big effect to fatigue crack progress. 
[0012] First, it is desirable to consider as the mixed organization of an elasticity phase, and the hard 
second phase rather than a uniform organization to optical microscope order as a class of organization. 
In case slowdown of a crack arises in case a crack progresses to an elasticity phase from the hard second 
phase, and this progresses to the hard second phase from an elasticity phase on the other hand, it is for 
delay of crack progress, the detour of a crack, and branching to arise. In order to produce such crack 
progress behavior, an organization needs to contain both in bainite, martensite, or a pan as a ferrite, and 
the hard second phase as an elasticity phase. And at least, in a ferrite and the steel which has bainite, 
martensite, or the mixed organization that contains both further based on the detailed experiment shown 
below, in addition to the hardness and the molar fraction of the hard second phase, this invention 
persons did the knowledge of the distribution condition being important, in order to control the 
propagation velocity of a fatigue crack effectively. About distribution of a hard phase, it found out 
especially that it was important to specify strictly distribution of the hard second phase in a cross section 
(the Zth page is called henceforth) parallel to the front face, i.e., the steel plate front face, of a fatigue 
crack for the first time. 

[0013] The experiment was conducted by the three-point bending test of the test piece with a surface 
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machine notch shown in drawing 4 , in order to evaluate only the crack propagation property of a base 
material. Fatigue conditions were performed by alternating stress 378MPa and the stress ratio 0.1. In 
sample offering steel, chemical composition C:0.05 - 0.2%, Si:0. 15-0.3%, Mn: 0.5-2%, P<=0.01%, S : 
About 0.005%, aluminum:0.0 1-0.05%, It is made to change in the range of nickel:0 - 3%** Nb:0-0.05% 
and Ti:0-0.02%. And various hot rolling conditions and heat treatment conditions (diffusion heat 
treatment before hot rolling is included) were changed respectively, and the class of the hard second 
phase, a molar fraction, and the small vacuum ingot steel (steel-plate board thickness: 25mm) to which 
distribution was changed were mainly used among microstructures. The fatigue test specimen was 
extracted so that a test piece longitudinal direction might become parallel to a rolling direction. 
Investigation of a microstructure and hardness measurement went in the Zth page of 1/4 part of board 
thickness. The quantum of an organization was performed using image-analysis equipment using the 
organization photograph of five to 10 visual field in the optical microscope organization of a cross 
section (Zth page) parallel to the steel plate front face in one fourth of board thickness. In the same cross 
section, the hardness of the hard second phase also measured ten or more Loads [ 5-10g ] micro Vickers 
hardness, and evaluated it by the average. 

[0014] in addition , said testing device show in drawing 4 give the machine notch N to a front face so 
that easily [ generating of a fatigue crack ] for the convex test piece A , it locate a roll in this both sides 
section and center section , and it measure the fatigue life when carry out the load of the alternate stress 
by three point bending to which a force be apply in the direction of an arrow head from this roll , and it 
constitute it so that a fatigue crack propagation property may be evaluate . 

[0015] As for drawing 1 , the pearlite which adjusted the hard second phase (only indicating it as the 
second phase henceforth) to the range of 200-250 Vickers hardness number With a subjects 
organization (pearlite subject phase) Relation with the fracture life in the second phase molar fraction 
and a fatigue test when the mixed organization of the bainite adjusted to the range of 550-600, 
martensite, or both does stratification of the Vickers hardness number to every [ of a subject ] 
organization (bainite - martensite subject phase) is shown. In addition, in a pearlite subject phase, the 
second phase other than a pearlite is less than 5%, and, on the other hand, the molar fraction of pearlite 
phases other than bainite and martensite is less than 5% also in a bainite - martensite subject phase. 
Including both, compared with the case where hardness is low, a fatigue property has [ the second 
phase ] the second phase clearly good [ at least, ] with a pearlite subject to bainite, martensite, or a pan, 
when hardness is high. 

[0016] Moreover, to not depending for a fatigue property on the molar fraction greatly, when the second 
phase is a pearlite subject phase, when the second phase is a bainite - martensite subject phase, in order 
to secure a high fatigue property, it is necessary to limit the molar fraction. Especially when there are 
few molar fractions of the second phase as less than 20%, even if the second phase is a bainite - 
martensite subject phase, a big improvement of a fatigue property cannot be desired. Moreover, even if a 
hard phase increases exceeding 80%, a fatigue property tends to deteriorate. Since this has the excessive 
hard phase, while a micro brittle fracture arises, it is for a fatigue crack to spread, and is not desirable. 
[0017] Although the second phase is understood that it is required during an organization of bainite with 
high hardness - a martensite subject phase to make 20 - 80% exist from drawing 1 for the improvement 
in a fatigue property, the fatigue property is sharply changed in it and it is suggested that the factor 
which otherwise governs a fatigue property strongly exists. Fluctuation of this fatigue property this 
invention persons from the progress device of a fatigue crack The gestalt of the second phase, Stand on 
presumption with what is depended on the difference in distribution, and still more detailed examination 
is performed. The effect of the ratio (aspect ratio) of the rolling direction die length of the second phase 
and the direction die length of board thickness which are observed, the elongation rate, for example, the 
board thickness cross-section organization, of the second phase, came to carry out the knowledge of 
distribution of the second phase in the Zth page being important a little than that of a certain thing. That 
is, it is effective for fatigue crack progress control that the second phase which exists in the front face of 
a fatigue crack under progress exists in homogeneity densely, and if there is a location where the 
distribution is uneven and the second phase does not exist by the location also with the same second 
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phase molar fraction, since a fatigue crack progresses that preferentially, the fatigue crack progress 
depressor effect by the second phase will not be demonstrated enough. 

[0018] By the result of having clarified the above-mentioned point, about what has the second phase in 
the range the molar fraction of whose is 20 - 80% with bainite with high hardness - a martensite subject 
phase among drawing 1 R> 1, drawing 2 measures spacing of the second interphase based on the 
definition shown in drawing 3 observed by the Zth page, and shows the relation of the maximum and 
fracture life of a fatigue test. In addition, the second phase spacing is a viewpoint that it is made to 
correspond to the second phase spacing which exists in the front face of a fatigue crack, and is measured 
in the right-angled direction to the rolling direction by the Zth page of 1/4 location of board thickness. 
[0019] From drawing 2 , it is so distinct that the second phase spacing of Zth page max is small that a 
fatigue property improves in having limited the class of the second phase, hardness, and a molar fraction 
to the fixed range. If the second phase spacing of Zth page max exceeds 500 micrometers especially, 
degradation of a fatigue property will become remarkable. The bad influence of the heterogeneity of the 
second phase distribution in 500 micrometers or less is small. 

[0020] the place which also doubled and invented the industrial most desirable means for this invention 
carrying out the knowledge of the desirable organization gestalt to the fatigue-proof crack propagation 
property of a base material based on the detailed experiment including the above-mentioned knowledge, 
and attaining this organization gestalt further and which it is and is made into the summary is as follows. 

[0021] (1) At mass %, it is C. : 0.04 - 0.3%, Si:0.01-2%, Mn:0.1-3%, aluminum:0.00 1-0.1%, N : 0.001 - 
0.01% is contained. As an impurity P:0.02% or less, S : Contain 0.01% or less and the remainder 
consists of iron and an unescapable impurity. In the steel plate with which it has the organization which 
contains a ferrite, and the hard second phase at least, and said the hard second phase is filling all the 
conditions of the following ** - ** in the cross-section organization parallel to a front face The steel 
plate excellent in the fatigue strength characterized by the organization of said the hard second phase 
consisting of bainite, martensite, or both mixed organization. 

** molar fraction [ of the hard second phase ]: — the average Vickers hardness of the 20 - 80%** hard 
second phase - average projected area diameter [ of the :250 - 800** hard second phase ]: — maximum 
spacing [ of the 10-200 micrometer** hard second interphase ]: ~ 500 micrometers or less [0022] 
Furthermore, by mass %, (2) nickel:0.01-6%, Cu:0.01-1.5%, Cr: 0.01-2%, Mo:0.01-2%, W : 0.01 - 2%, 
Ti: 0.003-0.1%, V : 0.005 - 0.5%, Nb:0.003-0.2%, Zr: 0.003-0.1%, Ta:0.005-0.2%, B : Steel plate 
excellent in fatigue strength given in the above (1) characterized by containing 0.0002 - 0.005% of one 
sort, or two sorts or more. 

[0023] (3) The steel plate which was furthermore excellent in fatigue strength the above (1) 
characterized by containing two of one sort or Mg:0.0005-0.01%, calcium:0.0005-0.01%, and 
REM:0.005-0.1% of sorts or more by mass %, or given in either of (2). 

[0024] (4) The above (1) It has the component of a publication in either of - (3). Casting thickness slab 
100mm or less Reheat at AC3 transformation-point -1250 degree C, and a pressing-down ratio performs 
two or more hot rolling. The manufacture approach of the steel plate excellent in the fatigue strength 
characterized by quenching in s in 5-100 degrees C /to 500 more degrees C or less after cooling with the 
cooling rate of 0.1-2 degrees C/s to the temperature from which a ferrite molar fraction becomes 10% or 
more after hot rolling. 

[0025] (5) The manufacture approach of the steel plate excellent in fatigue strength given in the above 
(4) characterized by performing to slab diffusion heat treatment whenever [ whose / stoving 
temperature ] is 1 150-1300 degrees C, and whose holding times are 1-1 OOh before said hot rolling. 
[0026] (6) The above (1) Have the component of a publication in either of - (3), and casting thickness 
receives the slab of 100mm **. After performing diffusion heat treatment whenever [ whose / stoving 
temperature ] is 1 150-1300 degrees C and whose holding times are 1-1 OOh before hot rolling, Reheat at 
AC3 transformation-point -1250 degree C, and a pressing-down ratio performs two or more hot rolling. 
The manufacture approach of the steel plate excellent in the fatigue strength characterized by quenching 
in s in 5-100 degrees C /to 500 more degrees C or less after cooling with the cooling rate of 0.1-2 
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degrees C/s to the temperature from which a ferrite molar fraction becomes 10% or more after hot 
rolling. 

[0027] (7) said hot rolling -- setting - at least initiation — temperature - 850 - degree C - less than 

— termination — temperature — Ar — three — the transformation point — more than - accumulation — 
rolling reduction — 30 - % - more than - rolling - containing hot rolling — carrying out - things - 
the description ** — carrying out — the above - (-- four — ) - (- six — ) either — a publication — 
fatigue strength — having excelled — a steel plate — manufacture — an approach . 

[0028] (8) said - hot rolling — setting — at least ~ initiation — temperature — Ar — three — the 
transformation point -- less than — termination — temperature — 600 — degree C - more than — 
accumulation -- rolling reduction - ten - 80 — % - it is « rolling - containing ~ hot rolling ~ carrying 
out — things — the description — ** — carrying out — the above - (— four — ) - (-- seven — ) — either a 
publication — fatigue strength — having excelled ~ a steel plate — manufacture - an approach . 
[0029] (9) The manufacture approach of the steel plate excellent in fatigue strength given in either of 
aforementioned (4) - (8) characterized by performing two phase region heat treatment which it reheats to 

- (-50 degrees C of AC<SUB>3 transformation points) further (+30 degrees C of AC1 transformation 
points), and is cooled in s in 5-100 degrees C /to 500 degrees C or less after hot rolling termination after 
quenching to said 500 degrees C or less. 

[0030] (10) The manufacture approach of the steel plate which was excellent in fatigue strength given in 
either of aforementioned (4) - (9) characterized by temper ****** at 250-500 degrees C after quenching 
to said 500 degrees C or less, or after performing two phase region heat treatment. 
[0031] 

[Embodiment of the Invention] Although it becomes indispensable [ this invention ] rationalization of 
chemical composition and rationalizing [ of the requirements for an organization based on the new 
knowledge mentioned above ], first, the reason for limitation of the requirements for an organization is 
explained, subsequently the reason for limitation of chemical composition is explained, and, finally the 
gestalt of operation of the manufacture approach proposed by this invention is explained about how to 
manufacture the steel plate of this invention. 

[0032] "At least The requirements for an organization for raising fatigue strength, a ferrite and bainite, It 
has an organization containing the hard second phase which consists of either of martensite, or both 
mixed organization. In a cross-section organization parallel to a steel plate front face said the hard 
second phase The ** hard molar fraction:20-80% of second phase Average Vickers hardness of the hard 
second phase : ** 250-800, average projected area diameter: 10-200micrometer of the ** hard second 
phase, ** maximum spacing [ of the hard second interphase ]: — it is ******" which fulfills all the 
conditions of 500 micrometeror less **, and centered on the above-mentioned detailed experimental 
result - many things are determined based on new knowledge. 

[0033] That first, it is necessary to consider as the organization which contains as an organization a 
ferrite, and the hard second phase which consists of bainite, martensite, or both mixed organization By 
considering as the mixed organization of an elasticity phase and a hard phase, since slowdown of a crack 
arises in case a crack progresses to an elasticity phase from a hard phase, and it is generated in delay of 
crack progress, the detour of a crack, and branching on the other hand in case it progresses to a hard 
phase from an elasticity phase, it is because a fatigue crack progress rate is controlled notably. In order 
to produce such crack progress behavior, an organization needs to contain both in bainite, martensite, or 
a pan as a ferrite and a hard phase as an elasticity phase. The thing with a ferrite desirable as an elasticity 
phase is because a ferrite is only as a sufficiently soft organization in the low alloy steel of a welding 
structural steel worker. Although it is also possible to make an austenite phase into an elasticity phase if 
it is high alloy steel, it is very difficult for this invention to make an austenite phase remain with molar 
fraction sufficient during a transformation organization in the target welding structural steel worker steel 
plate, and it is hard to adopt. If it is a ferrite phase, and this phase does not harden by extreme processing 
or extreme solid solution strengthening, a special problem will not be produced in a fatigue property. As 
for the Vickers hardness number of a ferrite phase, as a standard, it is desirable that it is 220 or less. 
[0034] As a class of the hard second phase, compared with a pearlite, bainite, martensite, or the thing 
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with both mixed still more desirable organizations has a uniform organization, and its toughness is 
because it is good considering hardness. Though hardness is raised, since the pearlite itself is the 
lamellar structure of a ferrite and a cementite, it can be alternatively progressed [ that it is not easy to 
make Vickers hardness number or more into 250, and ] by the fatigue crack in a ferrite [ elasticity / in a 
pearlite ] that whose pearlite is not desirable, and it is because fatigue crack progress depressor effect is 
small. Moreover, as the hard second phase, although a sludge and inclusion are also considered, the 
thing effective in fatigue crack progress control made to contain these 20 to 80% is not easy, since it is 
very weak compared with bainite or martensite, when it contains so much in this way, remarkable 
degradation of toughness arises, and this sludge and inclusion cannot be borne at the practical use as 
steel for the structures. 

[0035] For the above reason, although it is necessary to consider as bainite, martensite, or both mixed 
organization as the hard second phase, it is necessary to specify strictly the molar fraction of this the 
hard second phase, hardness, size, and a distribution condition further. 

[0036] The molar fraction of the hard second phase makes a minimum 20% from drawing 1 . This is 
because clear improvement in a fatigue property cannot be desired even if it rationalizes the other 
requirements for an organization as the aforementioned second phase molar fraction is less than 20%. 
Moreover, in this invention, the upper limit of the hard second phase is made into 80%. Since it not 
being easy on chemical composition to make hardness's of this the hard second phase's or more into 250 
and the molar fraction of the hard second phase are inferior in the toughness of the hard second phase 
with super-****** compared with a ferrite 80% after super-* *(ing) the molar fraction of the hard 
second phase 80%, this is for being anxious about toughness degradation of steel materials. Moreover, it 
may also become disadvantageous for toughness reservation that deformation of the ferrite which exists 
in the hard second interphase is restrained, a brittle fracture may arise during fatigue crack progress, and 
a fatigue property may deteriorate. The molar fraction of the hard second phase in this invention means 
the rate of a surface integral in the cross-section organization in the Zth page. 
[0037] In addition, in order not to have a bad influence on a fatigue property substantially even if the 
hard second phase other than these is by **** less than 10% if the molar fraction of the hard second 
phase which consists of bainite, martensite, or both mixed organization has satisfied this invention, less 
than 10% **** case also makes the second phase other than bainite and martensite this invention range. 
Moreover, in this invention, a cementite, carbon nitride, and nonmetallic inclusion are not included in 
the hard second phase in order not to show the clear effectiveness over a fatigue property. 
[0038] The hardness of the hard second phase is also indispensable requirements because of fatigue 
property reservation. The range of hardness required [ after considering the class of the second phase as 
bainite, martensite, or both mixed organization and making the second phase molar fraction into 20 - 
80% ] in order to make a fatigue property good is 250-800 by the average of Vickers hardness number. 
Since hardness with the ferrite which is an elasticity phase as average Vickers hardness number is less 
than 250 is small, progress delay of a fatigue crack an elasticity phase / near the hard phase-boundaries 
side, a detour, and branching do not arise by sufficient frequency, and improvement in a fatigue property 
is not achieved. On the other hand, 800 super-****** and embrittlement of the hard second phase 
become [ the average Vickers hardness number of the hard second phase ] remarkable, this the hard 
second phase comes to produce a brittle fracture during a fatigue test, fatigue crack progress comes to be 
accelerated rather, and a fatigue property deteriorates. 

[0039] Although the molar fraction and hardness of the hard second phase which consist of bainite, 
martensite, or both mixed organization are limited to the proper range from the above reason, in order to 
aim at much more improvement in a fatigue property, it is necessary to limit further the size of this the 
hard second phase, and distribution. 

[0040] Since it stiffens and leads to toughness degradation of steel materials and degradation of a fatigue 
property so that it will become hard, if it becomes hard, the hard second phase is required for limitation 
of size, when enjoyment of the crack progress prolonged effect by hard-izing of the second phase and 
toughness degradation control of the hard second phase are reconciled. The toughness of the hard second 
phase is governed by the average projected area diameter, and since it becomes impossible to disregard 
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200-micrometer super-****** and toughness degradation, it limits the average projected area diameter 
of the hard second phase to 200 micrometers or less in this invention. From a viewpoint of toughness 
reservation, although the size of the hard second phase is so desirable that it is detailed, since fatigue 
crack progress depressor effect becomes [ too little / the size of the hard second phase / inadequate ], by 
this invention, fatigue crack progress depressor effect sets the minimum to 10 micrometers as size of the 
hard second phase which can be demonstrated certainly. 

[0041] Furthermore, as distribution of the hard second phase, as it is in the result shown in drawing 3 
mentioned above, it is necessary to rationalize spacing of the hard second interphase observed by the Zth 
page. In this invention, the second phase spacing of 500 micrometers of max in the Zth page with small 
degradation of the fatigue property by expansion of the hard second phase spacing is specified as an 
upper limit based on the result of drawing 3 . In addition, spacing of the second interphase in the Zth 
page is spacing in the direction made to correspond to the second phase spacing which exists in the front 
face of a fatigue crack, for example, when a crack side progresses to a right angle in a rolling direction, 
it considers as the value in the direction where the Zth page second phase spacing is also right-angled to 
a rolling direction. 

[0042] In addition, although all of the molar fraction of the above organization, hardness, and a 
distribution condition are the things about the Zth page, since a fatigue crack is generated from a weld 
zone and it progresses in the direction of board thickness from a front face, the average organization 
condition from a front face to a board thickness core should just satisfy this invention. As long as 
organization change of the direction of board thickness is small compared with organization fluctuation 
within the Zth page, the measured value in the Zth page in one fourth of board thickness may estimate. 
When organization change of the direction of board thickness is large, 1/4 of board thickness, several 1- 
2mm places, for example, the steel plate front face, of the direction of board thickness, and the average 
of a board thickness core may estimate. 

[0043] The above is the reason for limitation of the requirements for an organization in this invention. 
For reservation of a fatigue property, and reinforcement and toughness reservation required as steel for 
the structures, as shown further below, it is necessary to rationalize also about chemical composition. 
[0044] That is, C is a component effective in raising the hardness of the hard second phase. Since it is 
not easy at less than 0.04% for Vickers hardness number to make the 20% or more of the 250 or more 
hard second phases exist stably, the minimum of C is made into 0.04% in this invention. However, the 
upper limit was made into 0.3% in order that the superfluous content exceeding 0.3% might reduce a 
base material, and the toughness and weld-cracking-proof nature of a weld zone. 
[0045] Although Si is an element effective in reservation of a base material on the strength as a 
deoxidation element, it becomes inadequate [ less than 0.01% of content ] deoxidizing it, and it is 
disadvantageous for reservation on the strength. Conversely, the superfluous content exceeding 2% 
forms a big and rough oxide, and causes degradation of ductility or toughness. Then, the range of Si was 
made into 0.01 - 2%. 

[0046] Although Mn is an element required for reservation of the reinforcement of a base material, and 
toughness and it needed to contain 0.1% or more at worst, when contained superfluously, the upper limit 
was made into 3% in the range further, permissible [ with generation, grain boundary embrittlement, etc. 
of a hard phase ] on the quality of the material base material toughness, the toughness of a weld zone, 
and since [, such as weld-cracking nature, ] it is made to deteriorate. 

[0047] Although aluminum is an element effective in grain refining of deoxidation and heating austenite 
particle size etc., in order to demonstrate effectiveness, it is necessary to contain it 0.001% or more. On 
the other hand, if superfluously contained exceeding 0.1%, in order to form a big and rough oxide and to 
degrade ductility extremely, it is necessary to limit to 0.001% - 0.1% of range. 
[0048] In order that it may be connected with aluminum or Ti and may work effective in the formation 
of austenite grain detailed, if N is a minute amount, it is effective in the improvement in a mechanical 
property. Moreover, it is impossible to remove N in steel completely industrially, and decreasing beyond 
the need is not desirable in order to cover an excessive load over a production process. Therefore, it can 
control industrially and a minimum is made into 0.001% as range which can permit the load to a 
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production process. If contained superfluously, since Dissolution N increases and it may have a bad 
influence on ductility or toughness, an upper limit is made into 0.01% as permissible range. 
[0049] Although it is more desirable for P to be an impurity element, and to decrease as much as 
possible to many properties of steel since it is harmful, in this invention, an upper limit is made into 
0.02% as an amount which can permit a bad influence practically. 

[0050] S is also an impurity element fundamentally, and in a fatigue property, since the bad influence is 
large, its reduction is especially desirable to the ductility of steel, and a toughness pan. Practically, an 
upper limit is limited to 0.01% as an amount which can permit a bad influence. However, in the minute 
amount range, in order that it may form a detailed sulfide and may contribute to the improvement in heat 
affected zone (HAZ) toughness, when taking HAZ toughness into consideration, it is desirable [ S ] to 
add in 0.0005 - 0.005% of range. 

[0051] Although the above is the reason for limitation of the fundamental component of the steel plate 
of this invention, in this invention, one sort of nickel, Cu, Cr, Mo, W, Ti, V, Nb, Zr, Ta, and B or two 
sorts or more can be contained if needed for adjustment of reinforcement and toughness. 
[0052] Although nickel can improve the reinforcement and the toughness of a base material to 
coincidence and it is a very effective element, in order to demonstrate effectiveness, 0.01% or more 
needs to be added. The reinforcement and the toughness of a base material are raised so that the amount 
of nickel increases, but there is concern which produces degradation of HAZ toughness or weldability, 
and while effectiveness is saturated with superfluous addition which exceeds 6%, since it is an 
expensive element, economical efficiency is also taken into consideration and the upper limit of nickel is 
made into 6% in this invention by it. 

[0053] Although it is the element with which Cu also has the almost same effectiveness as nickel, in 
order to demonstrate effectiveness, 0.01% or more needs to be added, and since a problem is produced 
in hot- working nature or HAZ toughness in addition of ** 1 .5%, in this invention, it limits to 0.01 - 
1.5% of range. 

[0054] Cr is required 0.01% or more, in order to be an element effective in the improvement in on the 
strength and to produce effectiveness by solid solution strengthening and precipitation strengthening, but 
if it adds superfluously, in order that Cr may let the increment in hardening hardness, formation of a big 
and rough sludge, etc. pass and may have a bad influence on a base material or the toughness of HAZ, it 
limits an upper limit to 2% as permissible range. 

[0055] Although Mo and W as well as Cr are elements effective in solid solution strengthening and 
precipitation strengthening raising reinforcement and it is an element effective also in hardness 
reservation of the hard second phase, respectively, effectiveness can be demonstrated and Mo and W are 
limited to 0.01 - 2% as range which does not have a bad influence on other properties. 
[0056] In order that Ti may form stable TiN into an austenite and may contribute to heating austenite 
particle-size detailed-ization of not only a base material but HAZ, in addition to the improvement in on 
the strength, it is an element effective also in the improvement in toughness. However, if it is made to 
contain superfluously exceeding 0.1% in order to demonstrate the effectiveness while it is necessary to 
make it contain 0.003% or more, in order to form big and rough TiN and to degrade toughness 
conversely, in this invention, it limits to 0.003 - 0.1% of range. 

[0057] V is required 0.005% or more, in order to demonstrate effectiveness by precipitation 
strengthening, although it is an element effective in the improvement in on the strength of a base 
material. The amount of strengthening also increases so that an addition increases, but since it becomes 
the inclination for base material toughness and HAZ toughness to deteriorate, and for a sludge to make it 
big and rough in connection with it, and for the effectiveness of strengthening to also be saturated, 
toughness degradation makes an upper limit 0.5% as small range to the amount of strengthening. 
[0058] In order that Nb may be an element effective in high-intensity-izing in a minute amount and may 
have big effect on processing / recrystallization behavior of an austenite by precipitation strengthening 
and transformation strengthening, it is effective also in the improvement in base material toughness. 
Furthermore, it is effective also in the improvement in a fatigue property of HAZ. In order to 
demonstrate effectiveness, 0.003% or more is required. However, if it adds superfluously exceeding 
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0.2%, in order to degrade toughness extremely, in this invention, it limits to 0.003 - 0.2% of range. 
[0059] Although Zr is also an element effective in the improvement in on the strength, in order to 
demonstrate effectiveness mainly by precipitation strengthening, it is required 0.003% or more. On the 
other hand, an upper limit is made into 0.1%, in order to form a big and rough sludge and to have a bad 
influence on toughness, if it adds superfluously exceeding 0.1%. 

[0060] Although Ta also has the same effectiveness as Nb and contributes to improvement in 
reinforcement and toughness by addition of a proper amount, at less than 0.005%, effectiveness does not 
arise clearly, but since toughness degradation resulting from a big and rough sludge becomes 
remarkable, the range is made into 0.005 - 0.2% by the superfluous addition exceeding 0.2%. 
[0061] B is an element which raises hardenability with ultralow volume, and is an element effective in 
high-intensity-izing. In order to raise hardenability by segregating to an austenite grain boundary in the 
state of dissolution, it is effective also at ultralow volume, but at less than 0.0002%, since the 
improvement effectiveness in hardenability becomes inadequate since the amount of segregation to a 
grain boundary is not fully securable, or it becomes easy to produce dispersion in effectiveness, B is not 
desirable. On the other hand, if it adds exceeding 0.005%, in order to form a big and rough sludge in the 
time of slab manufacture, or a reheating phase in many cases, the improvement effectiveness in 
hardenability becomes inadequate, or the danger of producing toughness degradation resulting from the 
crack and sludge of slab also increases. Therefore, the range of B is made into 0.0002 - 0.005% in this 
invention. 

[0062] Furthermore, in this invention, one sort of Mg, calcium, and REM or two sorts or more can be 
contained if needed for ductile improvement and improvement in joint toughness. 
[0063] Each of Mg, calcium, and REM controls the expansion under hot rolling of a sulfide, and is 
effective in the improvement in a ductility property. An oxide is made to make it detailed, and it works 
effective also in improvement in joint toughness, and is **. For the content of the minimum for 
demonstrating the effectiveness, Mg is [ REM of calcium ] 0.005% 0.0005% 0.0005%. On the other 
hand, Mg and calcium will make, and if contained superfluously, big and rough-ization of a sulfide or an 
oxide is produced, and ductility, toughness, and in order to cause degradation of a fatigue property 
further, REM will make an upper limit 0.1% 0.01% respectively. 

[0064] The above is the reason for limitation of a microstructure and chemical composition which are 
the basic requirements for this invention. In addition, in this invention, it shows also about the suitable 
manufacture approach for satisfying the requirements for an organization of this invention. However, 
about the microstructure of this invention, effectiveness is demonstrated regardless of the achievement 
means, and the manufacture approach of the steel plate excellent in the fatigue strength of this invention 
according to claim 1 to 3 is not limited to the approach shown in claims 4-10. 

[0065] The 1st manufacture approach accepts the need. Whenever [ stoving temperature ] to slab before 
hot rolling 1 150-1300 degrees C, The casting thickness which performed diffusion heat treatment whose 
holding times are l-100h slab 100mm or less It reheats at AC3 transformation-point -1250 degree C, and 
a pressing-down ratio performs two or more hot rolling, and after hot rolling, after cooling with the 
cooling rate of 0.1-2 degrees C/s to the temperature from which a ferrite molar fraction becomes 10% or 
more, it is characterized by quenching in s in 5-100 degrees C /to 500 more degrees C or less. 
[0066] The 2nd manufacture approach is a thing [ as opposed to 100mm super-****** slab in casting 
thickness ]. After performing to slab diffusion heat treatment whenever [ whose / stoving temperature ] 
is 1 150-1300 degrees C and whose holding times are 1-1 OOh before hot rolling, It reheats at AC3 
transformation-point -1250 degree C, and a pressing-down ratio performs two or more hot rolling, and 
after hot rolling, after cooling with the cooling rate of 0.1-2 degrees C/s to the temperature from which a 
ferrite molar fraction becomes 10% or more, it is characterized by quenching in s in 5-100 degrees C /to 
500 more degrees C or less. 

[0067] Moreover, initiation temperature can perform the hot rolling with which 850 degrees C or less 
and termination temperature include rolling whose accumulation rolling reduction the 3 or less 
transformation point of Ar(s) and termination temperature is [ accumulation rolling reduction ] 10 - 80% 
in the 3 or more transformation point of Ar(s) for/and initiation temperature, including 30% or more of 
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rolling above 600 degrees C in the 1st and 2nd approach if needed. 
[0068] Furthermore, to the steel plate after hot rolling, it reheats to - (+30 degrees C of AC1 
transformation points) (-50 degrees C of AC3 transformation points), and two phase region heat 
treatment cooled in s in 5-100 degrees C /to 500 degrees C or less or/, and annealing whenever [ stoving 
temperature / whose ] is 250-500 degrees C can be given. 

[0069] The size of the second phase and distribution are greatly influenced by the distribution and 
transformation behavior of the microsegregation sections, such as Mn and C, which are produced at the 
time of coagulation. Although it is effective for detailed-izing of the hard second phase used as the 
requirements for this invention, and reduction of spacing to carry out detailed distribution of the 
microsegregation section, it is effective to raise the cooling rate before and behind coagulation, or to 
reduce secondary dendrite arm spacing with hot rolling for that purpose. Moreover, the approach of 
mitigating segregation extent of the microsegregation once generated by diffusion heat treatment itself is 
also effective. 

[0070] Casting thickness is set to 100mm or less by enlarging a coagulation rate for making secondary 
dendrite arm spacing detailed and making the hard second phase size of the Zth page, and spacing into 
this invention within the limits in the last organization. It becomes difficult about 200 micrometers or 
less and the maximum spacing of the hard second interphase for casting thickness to set the average 
projected area diameter of the hard second phase to 500 micrometers or less certainly in 100mm **. 
[0071] The method of aiming at detailed distribution of the hard second phase, without being concerned 
with casting thickness is diffusion heat treatment 1 150-1300 degrees C and whose holding time 
whenever [ stoving temperature ] is l-100h. For effective diffusion of the alloy element which is mainly 
concerned with Mn, lh or more needs to be held of 1 150 degrees C. However, it is [ a possibility of 
diffusion heat treatment temperature becoming extremely big and rough / a heating austenite / in 1300 
degree-C **, and having a bad influence on the toughness of a steel plate, and producing the surface 
deterioration of a steel plate ] and is not desirable, so that the holding time is lh or more ~ being 
desirable - although ~ if diffusion heat treatment temperature is 1 150 degrees C or more, since 
equalization of an alloy element is enough attained within lOOh, the holding time will set an upper limit 
to lOOh by this invention. In addition, since the effectiveness is addition-like, as for this diffusion heat 
treatment and reduction of casting thickness, in a primary method, it is effective that casting thickness 
performs this diffusion heat treatment also to slab 100mm or less if needed. 

[0072] In this invention whenever [ 100mm or less slab or/and stoving temperature ] 1 150-1300 degrees 
C, [ casting thickness ] The slab which performed diffusion heat treatment whose holding times are 1- 
lOOh is reheated at AC3 transformation-point -1250 degree C. A pressing-down ratio performs two or 
more hot rolling, and it sets it the base of steel plate manufacture conditions to quench in s in 5-100 
degrees C /to 500 more degrees C or less, and to consider as a steel plate, after cooling with the cooling 
rate of 0.1-2 degrees C/s to the temperature from which a ferrite molar fraction becomes 10% or more 
after hot rolling. 

[0073] Making reheating temperature of slab into AC3 transformation-point -1250 degree C Reheating 
temperature does not become being the less than 3 transformation points of AC with austenite single 
phase in a heating phase. Moreover, since dissolution of a sludge is not enough, It is because it becomes 
difficult to acquire reinforcement and toughness required as a structural material, and is because there is 
a possibility that reheating temperature may become extremely big and rough [ heating austenite particle 
size ] with 1250-degree-C super-****** on the other hand, and it may not be enough made detailed by 
subsequent hot rolling, therefore toughness may deteriorate. 

[0074] Hot rolling makes a pressing-down ratio (casting thickness / steel plate thickness) two or more. 
With [ a pressing-down ratio ] two [ or more ], this is for being it being advantageous and also reducing 
spacing of the hard second phase in the direction of board thickness, and contributing to improvement in 
a fatigue property also to detailed distribution of the hard second phase in the Zth page. Furthermore, it 
becomes a reason for making a pressing-down ratio or more into two for sticking by pressure of the 
porosity which also serves as solidification shrinkage and is produced which exists in a cast piece that a 
pressing-down ratio is less than two to be also difficult. 
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[0075] After hot rolling, after cooling with the cooling rate of 0.1-2 degrees C/s to the temperature from 
which a ferrite molar fraction becomes 10% or more, it quenches in s in 5-100 degrees C /to 500 more 
degrees C or less for securing ****** under organization of the hard second phase whose average 
Vickers hardness numbers required for the improvement in a fatigue property are 250-800 20 to 80%. In 
order for the amount of C to have this the hard second phase generated in 0.3% or less of low C steel 
like this invention, while quenching a temperature-of-transformation region, it is necessary to condense 
C to the austenite phase before a transformation, and to produce a ferrite transformation before 
quenching for that purpose. Since it may become insufficient [ less than 10% ] condensing [ of C to a 
non-metamorphosed austenite ] the ferrite molar fraction before quenching, the ferrite molar fraction 
before quenching is made into 10% or more in this invention. Since generation of this ferrite is the 
purposes with main concentration of C to an austenite, the ferrite temperature of transformation raises 
and comes out, and a certain direction is desirable, therefore the cooling rate in the case of ferrite 
generation is carried out in 2 degrees C/s or less. Since the ferrite temperature of transformation falls 
that this cooling rate is excessive, and since the diffusion rate of C becomes less enough, it is not 
desirable for concentration of C to an austenite. Even if it will be enough and will cool slowly more than 
it from a viewpoint of concentration of C to an austenite if it is 0.1 degrees C/s or more although the 
cooling rate in a ferrite generation process is so desirable that it is small, since effectiveness is saturated, 
it carries out the cooling rate of a minimum in 0.1 degrees C/s by this invention. 
[0076] By quenching in s the non-metamorphosed austenite to which C condensed enough to 500 
degrees C or less in 5-100 degrees C /, it is made to metamorphose at low temperature and the hard 
second phase is formed. Even if it is chemical composition within the limits of this invention as the 
average cooling rate before and behind a transformation range is less than 5 degrees C/s, it becomes 
difficult for average Vickers hardness number to make the 250 or more hard second phases form stably. 
Although it is so advantageous to the hard second phase formation that a cooling rate is large, 
effectiveness being saturated exceeding 100 degrees C/s, as it is large, and cooling with such an 
excessive cooling rate leads also to the rise of a manufacturing cost, and aggravation of a steel plate 
configuration. Let the cooling rate in quenching at the time of making the hard second phase form from 
a non-metamorphosed austenite be the range of 5-100 degrees C/s in this invention for the above reason. 
Quenching in this cooling rate is the need until a transformation makes it complete mostly, and it can 
acquire the halt temperature of this quenching for 500 degrees C or less, then the desired hard second 
phase in the chemical composition range of this invention. 

[0077] In addition, in order to make with a steel plate, even if it gives slabbing before hot rolling of ** 
to slab, such as an ingot or slab, for the purposes, such as configuration adjustment, effectiveness of this 
invention is not spoiled. Moreover, as long as the conditions of diffusion heat treatment of this invention 
are satisfied, it is also satisfactory to give slabbing in the cooling phase after holding to make [ 1-1 OOh ] 
diffusion heat treatment and slabbing serve a double purpose, i.e., slab, at 1 150-1300 degrees C which is 
the diffusion heat treatment conditions of this invention at all. 

[0078] Although the above is the reason for basic requirements limitation of the manufacture approach 
in this invention, after satisfying the basic requirements for the manufacture approach of this invention 
further if needed for the purpose of an improvement of a mechanical property etc. in order to acquire the 
requirements for an organization of this invention and, in the manufacture approach of this invention, 
following (a) - (d) can be processed additionally. . 

(a) Accumulation rolling reduction performs [ initiation temperature / 850 degrees C or less and 
termination temperature ] 30% or more of hot rolling in the 3 or more transformation point of Ar(s). 

(b) Initiation temperature performs the hot rolling whose accumulation rolling reduction the 3 or less 
transformation point of Ar(s) and termination temperature is 10 - 80% above 600 degrees C. 

(c) Reheat to - (-50 degrees C of AC3 transformation points) further (+30 degrees C of AC1 
transformation points) after quenching by 500 or less degrees C, and perform two phase region heat 
treatment cooled in s in 5-100 degrees C /to 500 degrees C or less. 

(d) After performing two phase region heat treatment after quenching to 500 or less degrees C, it is 250- 
500 degrees C, and it is ******. 
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[0079] (a) is a process for accumulating distortion for the austenite before a transformation to detailed- 
izing or/, and a non-recrystallized austenite, and making a transformation organization detailed. As a 
result of making a transformation organization detailed, the hard second phase carries out detailed 
distribution, stably, less than [ of average projected area diameter: 10-200micrometer of the hard second 
phase, and the hard second interphase / maximum spacing: SOOmicrometer ] can be satisfied, and a 
fatigue property improves. Moreover, in order to double and to also make ferrite particle size detailed, 
this means is effective in order to attain high toughness to a fatigue property and coincidence. 
[0080] In order to demonstrate the above effectiveness, 850 degrees C or less and termination 
temperature need to perform [ accumulation rolling reduction / initiation temperature ] 30% or more of 
hot rolling in the 3 or more transformation point of Ar(s). In non-recrystallized region rolling, the 
distorted are recording to an austenite grain is not enough, in recrystallization region rolling, detailed- 
izing of a recrystallization austenite grain is not enough in accumulation rolling reduction being less 
than 30%, and detailed-izing of a transformation organization is not [ rolling temperature is not caused 
how and ] enough. On the other hand, it is not desirable, in order that the effectiveness of rolling may 
not contribute to organization detailed-ization effectively unless rolling temperature is the proper range 
even if accumulation rolling reduction is 30% or more. That is, 850-degree-C ** of detailed-izing of a 
recrystallization austenite grain is not [ rolling initiation temperature ] inadequate, or the recovery rate of 
the introduced rearrangement is large and distortion is not accumulated effectively. In this invention, 
rolling in the means of (a) makes the upper limit of rolling initiation temperature 850 degrees C from a 
viewpoint made to contribute to organization detailed-ization altogether. As long as rolling is ended in 
an austenite region, since it is effective in the formation of organization detailed, the rolling termination 
temperature in additional processing of (a) should just be the 3 or more transformation point of Ar(s). In 
addition, if rolling temperature is the range of the 850-degree-C - Ar3 transformation point, since the 
effectiveness of rolling will be accumulated mostly, it is not necessary to specify the pressing-down 
conditions of each pass that what is necessary is for accumulation rolling reduction just to prescribe 
rolling reduction. 

[0081] (b) is a means effective when promoting a ferrite transformation, promoting the C concentration 
to a non-metamorphosed austenite and securing the hardness of the hard second phase by rolling in two 
phase region. In order to condense C to an austenite, C was diffused more from the ferrite to the 
austenite at the elevated temperature, concentration of C to an austenite is [ direction ] trustworthy, the 
amount of C in an austenite increases, and the hardness of the hard second phase after a transformation 
increases. 

[0082] A ferrite transformation is promoted by giving rolling in two phase region. Therefore, in the 
chemical composition range of this invention, initiation temperature is the 3 or less transformation point 
of Ar(s), termination temperature is 600 degrees C or more, and it is effective to perform additionally 
the hot rolling whose accumulation rolling reduction is 10 - 80%. Even when the transformation point 
went up by processing, initiation temperature was set to the 3 or less transformation point of Ar(s) at 
Ar3 ******** 5 because the amount of processings in a two phase region became inadequate. 
Termination temperature of rolling was made into 600 degrees C or more because there was a possibility 
that the transformation from an austenite may arise during processing or after/and processing at less than 
600 degrees C before quenching initiation, and the pearlite transformation with hardness lower than the 
hard second phase which should be generated by quenching may arise. In order to ensure the ferrite 
transformation facilitatory effect by rolling in two phase region, the accumulation rolling reduction of 
rolling in two phase region is required 10% or more. Less than 10% is not enough as promotion of a 
ferrite transformation, and there is no semantics which gives rolling in two phase region additionally at 
it. The upper limit of the accumulation rolling reduction of rolling in two phase region is made into 
80%. It is because it becomes difficult for the transformation from a non-metamorphosed austenite to 
also be promoted and for there to be a possibility that the desired hard second phase may not be formed, 
when this gives excessive rolling in two phase region exceeding 80%, and to secure 600 degrees C 
which is the minimum of rolling termination temperature also industrially. In addition, by using this 
means additionally, texture progresses and improvement in the fatigue property by it and improvement 
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in toughness can also be expected auxiliary. 

[0083] (c) secures the hardness of the hard second phase, and a molar fraction more certainly by two 
phase region heat treatment. If it heats to a two phase region, since it is generated from the 
microsegregation section and the pearlite part into which the component condensed, austenitizing by the 
reverse transformation will become within the limits of this invention about a distributed condition, if 
the hot rolling conditions before heat treatment have satisfied the requirements for this invention. 
According to the heating conditions of two phase region heat treatment, the molar fraction of a reverse 
transformation austenite and extent of concentration of C to this austenite are determined. That is, the 
molar fraction and hardness of the hard second phase after metamorphosing from an austenite are 
determined. The following [ a reverse transformation austenite molar fraction, therefore the hard second 
phase molar fraction as a result ] (+30 degrees C of AC1 transformation points) becomes [ too little ] 
being whenever [ in two phase region heat treatment / stoving temperature ] compared with this 
invention, and a fatigue property deteriorates. Concentration of C to the inside of this austenite is 
inadequate, although whenever [ in two phase region heat treatment / stoving temperature / an austenite 
molar fraction's / super-(-50 degrees C of AC3 transformation points) ****** and ] increases instead, 
since the hardness of the hard second phase deviates from this invention and becomes low, a fatigue 
property is inferior on the other hand, too, and it is not desirable. Therefore, in this invention, two phase 
region heat treatment temperature is limited to - (+30 degrees C of AC1 transformation points) (-50 
degrees C of AC3 transformation points). (+30 degrees C of AC1 transformation points) Although 
cooling is cooled in s in 5-100 degrees C /to 500 degrees C or less after reheating to - (-50 degrees C of 
AC3 transformation points), this is for forming the hard second phase with which C makes the non- 
metamorphosed austenite which condensed enough metamorphose into at low temperature, and is 
satisfied of the requirements for an organization of this invention like quenching after the above 
mentioned hot rolling. 

[0084] (d) is tempering processing performed after performing two phase region heat treatment after 
quenching by 500 degrees C or less, and if needed, it is performed in order to adjust reinforcement and 
toughness. However, it needs to be considered for not reducing hardness of the hard second phase too 
much. That is, the upper limit of tempering temperature is made into 500 degrees C in this invention. 
Tempering temperature of this is because there is concern to which it falls less than to 250 when that 
whose average Vickers hardness number of a hard phase was 250 or more in hot rolling or a two phase 
region heat treatment phase anneals depending on chemical composition, 500-degree-C super-****** 
and. Moreover, although the minimum of tempering temperature is specified as 250 degrees C by this 
invention, this is because the quality-of-the-material adjustment effectiveness according [ tempering 
temperature ] to annealing is not clear at less than 250 degrees C. 

[0085] Next, an example describes the effectiveness of this invention still more concretely. 
[0086] 

[Example] The chemical composition of the sample offering steel used for the example is shown in 
Table 1. Each sample offering steel is made with slab by slabbing or continuous casting after ingot 
making. Among Table 1, the slab numbers 1-10 have satisfied the chemical composition range of this 
invention, and the slab numbers 11-15 have not satisfied the chemical composition range of this 
invention. Although this is an actual measurement although it doubles with Table 1 and the heating 
transformation point (AC1, AC3) is shown, in case programming rates are 5degree C/min., it has agreed 
with the transformation point in slab heating of a steel plate shown in Table 2, or the actual temperature 
up conditions at the time of heat treatment mostly. 

[0087] Diffusion heat treatment of the conditions which show the slab of the chemical composition of 
Table 1 in Table 2, hot rolling, heat treatment, and annealing were given, it manufactured to 25mm of 
board thickness, and a 50mm steel plate, and the fatigue property of a welded joint was investigated to 
the tractive characteristics of a room temperature, 2mmV notch Charpy impact property, and the pan. 
The test piece for tensile test and the test piece for Charpy impact test were extracted at the right angle 
(the direction of C) from the board thickness core in the rolling direction. Tractive characteristics were 
measured at the room temperature and fracture transition temperature (vTrs) estimated the Charpy 
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impact property 50%. The fatigue crack occurred from the welding toe-of-weld section of the structure, 
and in order to evaluate the fatigue property in the case of spreading the base material section, the 
fatigue test was shown about in drawing 5 , and followed the welded joint. A test piece S Steel plate 
longitudinal direction die-length:300mm from a steel plate, crosswise die-length: 80mm, Board 
thickness: The test panel was extracted in the size of 25mm(about overall thickness and 50mm thickness 
material, it extracts [ material / 25mm thickness ] from front face) **, and by carbon-dioxide-gas 
welding (C02 welding), the rib plate (width-of-face :10mm, die-length:30mm, and height:30mm) B was 
turned in the center of a test panel, and was welded by Welding C. carbon-dioxide-gas welding in this 
case - chemical composition — C:0.06mass% and Si:0.5mass% and Mn:1.4Mass% - it came out and 
carried out by current:270A, electrical-potential-difference:30V, and speed-of-travel:20 cm/min. using 
the welding wire of a certain diameter of 1 .4mm. a fatigue test — the span of the load supporting point F 
- the bottom - span:70mm - the upper - as span:220mm, the repeated stress load of (stress ratio R):0.1 
was added by maximum load (Pmax):5500kgf, and the fatigue life was measured. 
[0088] The organization gestalt (the class, the molar fraction, the Vickers hardness number, the average 
projected area diameter, the maximum spacing) and mechanical property of the hard second phase of a 
steel plate are shown in Table 3. In addition, the quantum of an organization carried out about the optical 
microscope organization of a cross section (Zth page) parallel to the steel plate front face in one fourth 
of board thickness. The quantum was carried out with image-analysis equipment using the organization 
photograph of five to 10 visual field. In the same cross section, the hardness of the hard second phase 
also measured ten or more Loads [ 5-1 Og ] micro Vickers hardness, and evaluated it by the average. 
[0089] The steel plate numbers A1-A13 of Tables 2 and 3 are steel plates with which are satisfied of all 
the requirements about the chemical composition and the organization of this invention, and it is clear 
all not only to have reinforcement required as structural steel and toughness (2mmV notch Charpy 
impact property), but its to have the very good joint fatigue property. 

[0090] On the other hand, the steel plate numbers Bl-Bl 1 are comparative steel plates with which are 
not satisfied of one requirements of this inventions, and it is clear that a joint fatigue property and 
toughness are inferior compared with the steel plate of this invention of a comparable presentation and 
level on the strength. 

[0091] Since chemical composition has not satisfied this invention, although the steel plate number Bl - 
B5 cannot satisfy the requirements for an organization of this invention or have satisfied the 
requirements for an organization of this invention, they are the example which was not able to attain a 
good property. 

[0092] That is, as well as toughness being inferior since the amount of C is excessive, since toughness is 
extremely inferior, the steel plate number Bl is the effect in which a hard phase carries out a brittle 
fracture even in a fatigue test, and is inferior in a joint fatigue property compared with this invention. 
[0093] Since the amount of Mn is superfluous, toughness and a fatigue property are inferior to this 
invention in steel plate number B-2 notably for the same reason as the case where the amount of C is 
excessive. 

[0094] The steel plate number B3 and B4 have P and the respectively superfluous amount of N, and in 
order to embrittle steel, toughness and a fatigue property are inferior to this invention in them notably 
too. 

[0095] Compared with this invention, a fatigue property is inferior in steel plate number B5 in order to 
degrade a fatigue property greatly through ductility degradation, since the amount of S is superfluous. 
[0096] It is the example to which the joint fatigue property is inferior in steel plate number B6-B1 1 
since the requirements for an organization have not satisfied this invention, although chemical 
composition has satisfied this invention. 

[0097] That is, since steel plate number B6 and B9 have excessive spacing of the hard second phase, 
they are an example in which the fatigue property is inferior compared with this invention steel of the 
same presentation. 

[0098] Since the steel plate numbers B7 and B8, and B10 and Bl 1 are pearlites whose second phase is 
not desirable in a fatigue property, although the distributed condition of the second phase has satisfied 
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this invention, it is greatly inferior in the fatigue property compared with this invention. 
[0099] It is clear that it is possible to acquire the outstanding joint fatigue property from the above 
example according to this invention, securing toughness sufficiently high as structural steel. 
[0100] 
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[0103] 

[Effect of the Invention] This invention is the point which can be manufactured without receiving a big 
limit in tensile strength or steel plate board thickness without depending for improvement in the joint 
fatigue property that improvement has been conventionally made difficult by the weld zone on a special 
alloy element or a complicated manufacture process in the steel plate used for the welding structural 
member for which fatigue strength is needed, and the usefulness on industry is very large. 
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zbzmLbthmim^in^irtiMzimcymt 

[19^359 ] ME 5 0 O'CiyTtT-ti^U^, ffiH 
£E®&7&, ( ACi^ffi^+3 0*C) — ( AC3 

$m&-5ox:) izntmx. soo'cutTa-c-s-i 
0 o-c/s xftm&zJtommim-tz t timb 
■rmxm 4 - 8 m ^-mmztm^mmmzmit: 

im*w 1 0 j me 5 0 oxyaT*T»» tfctt, x 

«, IDIBWftWI&lfeUtffc. 2 5 0-5 0 0'CT'MM 

+zbmmbi-hm^4^9M\WMHz%m<m 
mmzmtitcmmtiLv>w&m. 

[000 1 ] 

izmztcox-bz. *msmui. mm. mmm 

<oj»j«iw(BMi»-jRt=fflv ^ ; fc h # , mzm 
m.^mbtmwmm. ma. m. nmmi 
m<ommmmbtxmx3)i. ta* *<m. m 
mzmb-th. m , hi^tmmiztmm^mx' 

[0002] 

iv&w&m mmmm*mfcbm&±(Dm*<>) 

mat Lxa, mm®, mm&m. mmw&xm 
<7>afca<i(Mt««^»6. ^fi^cojRw® 

mmmx'bh. 

[0003] RttlWKOIriTIi, -ft^fi^WtN i CO 

m&ijmiztmmsm^taxmm^ hmmmit 
iz£*)nmmmx'hz>. *s 
g5tttcM Lt«Si®[6]±^tc «t 0 i»#-rs i b \mmx 
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♦i&ivC^fc. tfcfcfc, 8#&K*<l8Jfflk$:*fll3i 

«<«m TIG»»tcJ:o-Cjh«»«r?|jfflttS 
-3 0 38 6*&«). S/9-yMf--y/fcJ:oTjh 

[0004] u»u i^fe^jWwrai^fft^B* 1 

[000 5] ftjfi, i*)J:a*WHc«iT, o<o*» 
<0«^aa^<OAff!Sr«ltt!WW**iTV^. 20 
If. 81»KI!**0(HAZ) c0«S&£7x74 h (a) 

fc-f&£fcfcA->THAZOSB9!Mtert±?**tt» 
(1Wl¥8-7 3 98 3^«)*»iSS*irv^. l*> 
L, #£ffi«iHAZ*fij|8$:7x:M hffl»i:-tl»^Stt 

mm 8 0 M P a fcjfg*. Sio &iS3$£8itt£S^ 
S^kteT'SSri*. 

[0006] 3l$S3ftg#5 9 0 M P agLhaftStKfftt 

0. HAZO^TtM hffiM<^K5f«ao^ • fiWW 30 
tttt#K«S i ft <1flifi¥8 - 2 0 9 2 9 5#4MI) . 
*Nbfls<«HPP10-1743*&«) #W3&ktf>fB 
ft* 1 * 6. L*»U Si. NbbhZ&liZffifittt&t. 

[00 07] JD^T. ±iBft*#»vffii,HAZffi 

aa**» h a z # mm m 

[00083 jk»»Rfc J: h-T tzM&&m&ZlSt.g? 
»^UT . W7 x 54 httfi*»2 0 ju mJ2lT«HtfeH 

(^¥7-9 0481^ffi) #HH*3*lT»*. L 

6. 9l5HMtC5 80MPagfflK^)«IttiTL3WBft 
T**V». 50 
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[00 09] Stfc, ««<O«^§SgJSS-ffll0Jtl.i 
kfcJ:or*»5MEtJt»4««i:tT, 7x54 hk 

mtm-m*e>%?>i8.fflztmx . 7i?^ h^ssk 

V. Lfcttffitf. IWIFFl 1-1742 

7x5-1 ht$x-<omB?rm&*z<?hzttf>£gx' 

[0010] 

■rs. 

[00 11] 

m% mm imz Htth zktzt*)* m&r>±m 

SJoitg^k MtfS ? aJHBk^BMlkoBMBfir 

[ o o i 2 ] . mmvmt Lx\t. mmm>* 
mmmti-titzMzit. ma, mmttxay 

x.yj K S«mzfflk UTtt^^-f hft*^ttv/W 

fc»T«, a^^a^KTBa. «R«iiKc¥ff=flr 

?&tc«^-|> C k ^aST'*>S i k m>X Jlvxtf L 

[0013] H®{±««0#Se»«Ftt^tS-|F(itS 
fcfcfc, 04 t^r«B«Sy y ^#^l£^)t<7) 3^fl 
WKUfciJ: Offofc. «5!MfHi« f57Jg<g3 7 8MP 
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a, mnito. IT*?-**:. ttHMcu, it^ma. 

C : 0. 05-0. 2%, S i : 0. 1 5-0. 3%. 
Mn : 0. 5-2%, P£0. 0 1%. S:fl0. 00 
5%, A 1 : 0. 0 1-0. 0 5%, Nb : 0-0. 0 
5%. Ti : 0-0. 02%. N i : 0-3%. O&B 

■data*. flo#*giisE®3#. msm&tt am 
Esmmmsmastt) im*mtzitx. 
mmm. ±t8KBzffi<os8. #m$z<tz 
*tt:>mM&mim mmmm-. 25mm) ^m^a. 

0 tssis uz. $ ? um&>m&. m w&xmn 1 
/Amcnzm^a^x'n^tz. mwimiiimn 1 
/4izt3vz>®mmfc¥ft%m® (zffl) 

88i8tfcft£. 5~10«IFtf»H9**JflK B« 
«Wf36Jl«rffl^TlT->fc. SS^Zffl<7)S$t|Sl-|(fffl 
tfcwc. ^«5~1 0gO74;?Dt'-y#-X?g$£ 

[ 0 0 1 4 ] 04 tomnatuftnttORaK 

<IOn-;l^<^Efl;fr[6]t:>jS:7WI. 3jStt»f ti 

[ 0 0 1 5 ] 0 1 HflWtSZffl ( JJ». #£«Z«i* 
-fit^-ift^) £. t* y;$-X®££ 2 0 0-2 5 00 

flcffi) t. h*.y^-XS?5r5 5 0-6 0 0coKHtlffl 

?4 h±tt«m't-?-f hWl^lgzffiJi5%*>1tt' 
ft"5\ h-v/i^-fi^ hittffiT-i^ 

4-M K v/i'f vim Ml*>#*tt 
5 %*iTCft S . 4«5r < 1 1» t<>f *-f h * * H 

imfyto, ftswi$£tw*££*. 

[ 0 0 1 6 ] !BZ«*«^-5-f h±*«<0«^i 
Zffl#^f-M V-~?iVt>+M h±ftffl<0i§£. ft» 
ft*, ftt. SflZffi<O#sp#2 0%*Mt^&^£ 

bh. £*u«HMfl#a* , c*4fc*>fc. 5? nam* 
m&tf±i%tfh&mm s <mthtz#>x\ mi< 
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[ 0 0 1 7 ] 0 1 . «»»ttrt±<0fcA ttt, 8Z 
ttfrfc 2 0-80 %#£§-£& £ t Ji^-Cft S Z t W 

mixm. mzi>fe%®&zft<3£&-thm-ti t m. 

10 tiz>&-tt<Djmm%z fcwwrifiss tnitirx 
t'^mz««o^*<Mst'fti) <r t sauw-its-j 

fc. itS+^^^aflffit^Rt-r&mzffi 
^irti-o-cmzfflo^u^v^m^ftntf. SS^^ 

[0018] H2J4±E^>jiSSW4>*>tLfctt»T. 0 

N±*fflT-?-^$* { 2 0-8 0 %<0KHtftS t>Ot 
OVvC. 03t^-r^Ht«^<. ZfflTH^L^mz 

fflt#41"I.^Zfflra[StJtlE$-ti:-5fccoaj±[t'. 

(7) 1 /4fiacOZffiTE®*|6ltltA^*[6jT-aiS LT 

[ 0 0 1 9 ] 02*>£. mrfflWffiS. ®$ , ftm*~ 

femizmfctti'px'ii. zffift^szffl^Pi^hsv^ 
30 &mmm<ft±-t&zktfwt>frx'bi. ^tzss 

S^ZfflraH* { 5 0 0 jum*fi;U fc«»#tt^b 
MWFfc* S . 5 0 0 >u mfilTtii . !BZffi*««VW 

[0020] JJEOttJl**«>fcB»armi 

^ffi€r»m L . $ <?> tB0fiiHBg!SS:3»S'r5 tXbniM 

«OToa •) -eft ^. . 

[0 021 ] (1) mm%X\ C : 0.04-0. 
40 3%. Si : 0. 01-2%. Mn : 0. 1-3%, A 
I : 0. 00 1-0. 1%. N :0. 001-0.0 
l%5r#^TL. T^fctTs P : 0. 0 2%WT. S 
: 0. 0 l%JilTS:^L. SMW^t^FsraPFK 

t Sr^St tS«S^IJKtebutJlfiHg. 
50 : 2 0 -8 0 % 
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©®®^ZfflOT%b' y*-^li§ : 2 5 0-8 0 0 

®mim-tt<wmmm ■. 1 0-2 oo^m 

[0 0 2 2] (2) ft»%T. Ni : 0. 0 

1-6%. Cu: 0. 01~1. 5%. Cr : 0. 01 
-2%. Mo : 0. 0 1-2%. W : 0.01-2 
%. Ti : 0. 003-0. 1%, V : 0. 005- 
0. 5%. Nb : 0. 0 0 3-0. 2%. Zr : 0. 0 
03-0. 1%, Ta : 0. 005-0. 2%. B : 
0. 0002-0. 0 0 5%<F>\mMt2WXtZtt 

i-iztzmt^im?. ( i ) tfa^s^soi 

[00 23] (3) f«%-C\ Mg : 0. 0 

005-0. 01%. Ca: 0. 0005-0. 0 1 
%. REM:0. 005-0. l%£0?M8X{i28 
fclh£-£*-f !> £ t tl> fflB ( 1 > XJi < 2 ) 

[0 0 24] (4) IJIB ( 1 ) - (3) OWfftM: 
fEf*tf>J&ft£lrU «Jil?A*U OOmmOT^ilfr 
£. ACs^JB^-l 2 5 0'CKBMftL ETJt«<2 

1 0%fcLLfc TO. 1-2'C/s 
T'&fflLtt*. S UZ5 0 0-CWT*T'5-l 0 OX/ 
s £ t &«&lftK£Wi*:J»ME 

[0025] ( 5 ) mmmmmzts^x . «m= 

in&i&«a { 1 1 5 o- 1 3 o ox:, ftttBfflfltf 1-10 
0h<7)J£«d^aaSrSlt£i:S:^ii:-ri». MB (4) 

[0026] (6) MB ( 1 ) ~ ( 3 ) <9Vvf*lrt>fc 
fE3SOSSc#£1rU 8itJI*a { 10 0m mmmxizK 

ix . sftrafflffiHtrtc 1150-1300 

X. «J^^*« 1 - 1 0 0 h OUffiffiWI*!! tfctiL 
AC 3 »ji-l 2 5 0Xfc?».U ETttW2W± 
O^SffiiS-ffv * , IftlBlESft. 7x5^ 1 0 
XJa±i:**aUE* , C0. l-2X:/sO&a®j£T'?fc 
81U:f&. S4>tC5 0 0'CJ^T^T'5-l 0 0'C/st 

mm. 

[0027] ( 7 ) fBBOTESKfc^T . t 
*>HHfe;iSS#*8 5 0XirF. HTWS&Ara&BUia 

ffd £ fc *»Bfct6l9E ( 4 ) - ( 6 ) Wtfxtrtz 

[0028] ( 8 ) ffifiKfelBIEEEJCtJV^. t 

±x\ msTmtfi o-8 oxnESitttiaam 
t'ffdzt *mLt-thmi ( 4 > - ( 7 ) owf*u> 
iz^<mffl&izm&wmL<rm&m. 

[0 0 2 9] (9) 15IB5 0 0riaT^TH^Uc 
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JSHEBffm 3 4>C (AC13OMC+3 0X;) 
- (AC3«S-50°C) IcSJuJRU 500XOT 

t zimt -turn ( 4 ) - ( 8 ) <7)\,y?tii)Hz%mv 

[0030] do) mi5oox:arixM^Ltz 
xa. zttmwm&miK®. 2 5 0-50 ox 
x-tm-tz t zmmt -rsfriB ( 4 ) - ( 9 > wrn 

10 [0031 ] 

JW, «Wtt«>IRJ01**K*U KWC 

[0032] a^SSSSriSftSfcftOfia^fHi, r 4" 
=5r<tt7x7^ hi:. "v^tM K vykrVHM ho 

gSTSSZffitf. <WS®^-fflO^$: 2 0-8 0%. © 
@»SSZffi <W)t-y : 2 5 0-8 0 0 . © 
WmzffiOTOPJHSS : 1 0-2 00/im, 

[0033] 5frf, ffliltLT. 7x5>( ht. <4 + 

-t. wmfrbm&wmt hmz\t%wm<m 
s. ^scoiini. ■ftrntftttztiMzmmmmm. 
tf s mi l z9mztLi>teit>x'i>z>. zcD£d%zmm& 

h. hh\v±*hizffi-}iz%ts'm.tfhh. wmti, 

t v ^mwtmmmmzii \ ^x . gmmwz+m: 
ft&x'*-*T~M hmwtfzit&ztimmzmm 
umim^\ 7i5^ hffiT*>n(f. ssg^jp 

v i] -X® $ «i 2 2 0 JilTT-fc S £ t U \ 

[00343 mL%zM<r>fmb l-c. ^^h*& 

50 »^L^«0«i. NcJt^TffiS&a^-?. fio 
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ff*K*WHi, t'7^-AS$$:2 5 01iLh(c-fS 

mmmizim*. 2o^8o%i&}2it2>zttf®% 

ncjfc*x*jiMciinfci&, cioj: a tz*mzten 
^z\m&v>wm%£iw$Li. timmmt ixo 

[0035] ULhoaitcJ: 0 . ®mz.ttt LXii< 
[0036] WBRZfflO#*tt» 0 1 frfcTIB* 2 0 

%t-T4. ztia, mi<Dmz.tt#m< 2 0 %*jft-cj> 
& 8 0 %jst uz±.x-. tmnm-nnm & 2 5 0 u 

±ki-*£k* t flSMBlftJiB»r*v^i:i:. 
ffl«0^*i8 0%St$)Si:, 7x5^ hKHATSIt 

%i*hh. *miztn-fmnmzM<7)#mtzMX'<?> 

[00 37] 3rfc, ></-M K v/l^fy-'M howf 
«W*«jaLTV CtifefiW^flHWtZffl* 1 0 

xmsAsX'^x i>mimizmMmzw§mzmz 
1 o%m%tsm£i>*mmt-r2>. *m 

izts^Xlt. *.*V?4 Y^W&Mh. ft*JM£9ttt 

[0038] wm.zM<m.% mm&mmtMz 
>&mftx'hz. m-tiwmmt:^ +4 k v/ury 

#$£2 0~8 0%fcU:±T\ «S(WtttAJSFi:t* 
fc»fc«eW«r*S(i, t'-y*J-Am<W$>mX'2 5 0 
-80 0«7)®fflT'*l). ¥^t*-y#->Ug;5#2 5 0* 

mx-hbt. &«nx'b&yxy4 htomtf'hz^ 
tiMz. ^m/mmmmx-mm^mm 
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1 0 

a*8oottTa*fc. sumzffl <r>mvm l < & 9 . 
[0039] jajrfaa*^, -m k y-r 

10 [ 0 0 4 0 3 1M XcDRgJSJi. ««KZffltt*< &*Uf 

mizXiXZmtlXHi) . 2 0 0MmfiTJ>l»tSI 
ISIfflOT^RIlgS: 2 0 0 w mOTtcHSBt 4 . 

20 ^^saaiswj^A^+^fc^sjt*. *^-e{±a 

'fXt LT-f-OTKRt: 1 0x<mi;-r4. 
[ 0 0 4 1 ] § fefcaMdBZfflW»*t IX . iBfiLfc 

tt. H3^tt»taWV^T. «WIZffiiaiH<0«*JcJ: 

mmm<v£&tfm'j?x-h & . z®t*^s±mzffisi 
z«ia«iaHi:tt. a»saw?iiic#flrt-*»zffiiaiiH 

30 t»lBS-fr4*iai'C<0lSli'C*'J. ffliJf, SSBB^E 
S^fclSftfca^4«^ttZiii»ZffllSIHfc£ESi 

[ 0 0 4 2 ] J3LhOfia<0^. @§ . ^^Kflji 
{i^TZfflfcov^T<Ot,<OT-$.l»*<, SE»#S«i^SNa5 

frkmiixmi)^W9rtjftizmmt&zt#t>* m 
&ttm&\ m^mmm^^zmx'^ism. 

W^XX'WWOWfto 1 /4 CtJJtt Zffl-COSH 

zmx-stmixmhtcw mmmmmt** 
40 k^ji, «w*ifti<o»*j». mx.\mmmwi^2m 

[0043] w±tf*mtzt5V&mmttm£m& 

• Mm&ntMziiz h^rmz^tx o izwm®. 

[0044] f-fcbfe. ct±. g®mzffios$Sriii* 
4o(c^^fiit#-C'$>-i». o. 0 4X*»rtt. 
th*y^-^g$*<2 5 oy±comm-m 2 o%w 

50 iS^S-li-S^t^BT'^v^y). xmix-itccoT 
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mzo. 04%t-r*. fc£u o. 3%mihmi 

tffcfcft, ±mt0. 3%kLti. 
[0045] Si li. KKJEJlttl/C* tii, m<?m 
immztt))%yi%X'$>&W. 0. 01%mcr>%GT' 

tt^HBtt««efl:*fB< . *£-c\ siw^Htio. oi 

[0046] M nltmmg.. Wtt^SWRfcfMMOT 

*T» o . ihbr o . i %ixtsirt 

[ 0 0 4 7 ] A 1 UKK. Mfe*-XT-M hftg?)*fl 

0. 0 01%£Lb-£#t££ga*&6. 0. 1% 
tt£®Bfc#fkStfSfc*>, 0. 00 1%-0. 1%<D 

[0048] NteA 1 i t^l>'o^t^-Xf t^f 

**■*££«**]■«?* 9, «B»J2Lbfctttt**£i:tt 
T'£l>ISBi: UTTER* 0. 00 l%i-f£. JMflc^ 

-^sjifitfcwbifcio, iwrc* s^at LT_hi8£ o . 

01%fc-tS. 

[0049] PttwmeBRTJb o . mnwmt^i 

[ o o 5 o ] s iim^nzit^msjcMX'f) o . mzm 

u*. nffl±. msmiffiftTZzmki 
x . ±r* o . oi %KERjrr * . fc« l , s t^mu 

HTti. ttm^fcXttLTttttMNM (HAZ) 

«ttiti±tw§--r*fcft. HAZBtt****-**^ 

(±, 0. 00 0 5-0. 0 0 5%ff)SmVfmtbZt 

[0051] vxttf*mnmm&.<r>&*iiLmmm 

*>(£. *»CJ6tT, Ni,Cu,Cr,Mo,W,T 

1, V, Nb, Zr, Ta, Btf)l«Xte28ULt£# 

[ 0 0 5 2 ] N i ttW^ajtfcOttfcRWfclfctC 
»i 0 . 0 1 %tLh^aaiD^^-CJ6 & . N i fltfigjirt 
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£d%mi%m\ix'ii. mtftrntt-ux'. haz 

THRTftifcto, g»ttt#l:LT. *«BHtc*J^Ttt 
N i«±R* 6 %fc-f£. 

[oo53]cut,Ni t«erHaw«WR*irr45as 
jd*^st*'), i. 5%«osaDT«affliimtt*H 

AZOttfc|3!Bfc£fc4fc*>. *«KBC4JV>T«. 0. ■ 

io oi—i. 5%<&mizmfct&. 

[ o o 5 4 3 c r immmt. waawttj: osmmu: 

fc«SWOT*"Cft *) , t ifcttfctt 0.01% 

man. awffaj*«wrt»*aur. **r*HAz*)fi 
£2%£Eurrs. 

[0055] Mo. Wt,CrtP«K, @®5$fl:. tfffl 

T. Mo. WfctC, 0. 0 1~2%fcR5et-&. 
[ 0 0 5 6 ] T i «i:*-Xr-M h+tCSSgfcT i N£ 
W*L-Cftt«fttT*<HAZ«Mbr-^f"*->f h& 

fctt, 0. 0 0 3%I^**3tf 

0. l%*)BiTJMJfc:*jr3**i:. «b*:*TiNi 

{i. 0. 0 0 3-0. l%<0«fflW8^t&. 
30 [0057] VJttfffiaiftS: J: 0 *H<«WlfilJit«« 

*7t£?t>&tf.mk&fmthtiMz\i.o. 005% 
s*>\ -eatffo-c, #fffse. HAzfijtt*^flsL. 

T. ±RBS:0. 5%tt&. 

[ o o 5 8 ] n b \mmAWtf$3mmz * omsx- 
-mjgMzrnitcTmx'h*) , jf-xr^'f ho 

40 Ki±tfc*«rc*S. SfeWi, HAZ«og^#ttr6i± 
tefc«WC**. «R*«W*fc«>te»4. 0. 003 
mtt±eS?t*4..fc*fU 0. 2%*«iTiMJfc 

o. oo3~o. 2XoaHtciRj&t*. 

[ 0 0 5 9 ] Z r t>±t L-CffffiUftfeJ: *)SMWl±fc 
1W647afT***«, JMl«r«W*fc»(cttO. 0 0 
3%m±^ST'S>l». 0. lX*ttiTjilWc» 

fcft, JJIS-O. l%i:-r&. 
50 [0 060] Tat,NbtR«^5&mS:*L. SDEfico 
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SsSnlCj: <0®&. ®&cr>fo±lZ-mt&tf. 0. 0 05 

%m?im!M'fmMii£-e-r. o. 2%tniz& 

®B£0. 005-0. 2%fc-TI>, 

[0061] wmmax'&x&z&iibhTiMX'b *) , 

SEJSftT' 0. 00 0 2%*}lT12 
L<«rV\ 0. 005%£S 

ti, B<DmWiO. 0 00 2-0. 0 0 5%t-t-S>. 
[0 0 6 2] §Mc, *JKBfc*»^Ttt. 3Ht<0W±. 
^#t8ttO|6l±0^^ «W?fcJ6fcT. Mg, Ca, 

remct) i axii 2 waj:* * zttfTZi. 

[0063] Mg, Ca, REMtiWf tl{>Wm<V& 

<. *«aWR*JHW*fcft«TI»«*«tt, Mgli 
0. 0005%, Ca(i0. 0005%, REMliO. 
0 0 5%T'J>S. JMUc**t*i:. 

fcfcffl<fc*>, ±RR£&*, Mg, CaliO. 0 1%, 
REMliO. l%fc-f&. 

[0064] ULLtf, *fKB«atWtt"C*4 , 5 9 Q 
tflHifcJMHROWWriai, 11*514-1 Ofc^U: 

[ o o 6 5 ] s i <mktmt. $mz*K,xtmmk 

lift, MM-tcMhjftK^ 1 1 5 0- 1 3 0 0°C, «^ 

h# 1 - 1 o o hcom^jaasrss t!ti§jiij^A i 1 o 

0 mmHTWifrJ , A C 3 SSflWi— 12 5 0 °C tSJD 
5RU ffFit*«2Ja±^!SBIffii*ffv\ f^ESm, 
7x7^ b^*U0%UU:t^SiaS^-C'0. 1-2 

•c/s cvttmmx'ttftLt:®. $ sac 5 o 0-C&T2 
-c-5-i oor/sT-m^-s^t^st-rs. 

[006 6] SfS2«omfr£J±, ^JSff^l 00mm 

^ias^i 1 50-1 300-c, &f#i$ra#i-i oo 
hv&tommztoitzik. ac 3 »s-i 2 5 or 

fcWJnSRU ETlfc*<2tU:<01»ISIffii?&ffV\ MSE. 

7x?4 hftmifio%v±t%hm.3.x-Q. 
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This Page is inserted by IFW Indexing and Scannin 
Operations and is not part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMA Of HJT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



^BLUREDjjRrl-LLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLORED OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REPERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning documents will not correct imaj 
problems checked, please do not report the 
problems to the IFW Image Problem Mailbox 




